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1  Objectives 


The  primary  objective  of  this  project  is  to  develop  algorithms  for  the  reliable  recognition 
of  targets  in  multispectral  infrared  images  under  arbitrary  illumination,  atmospheric,  and 
thermal  conditions.  The  algorithms  will  be  derived  from  a  detailed  pnysical  model  for 
infrared  image  formation  and  combine  spectral  and  spatial  characteristics  of  targets  and 
backgrounds.  The  use  of  these  algorithms  to  process  imagery  from  airborne  platforms 
will  significantly  improve  battlefield  awareness  in  several  areas.  Since  the  new  algorithms 
can  exploit  arbitrary  combinations  of  spatial  and  spectral  characteristics  in  unconstrained 
environments,  they  will  be  especially  valuable  for  recognizing  partially  concealed  targets 
and  camouflaged  targets  as  well  as  distinguishing  targets  from  decoys.  Techniques  de¬ 
veloped  in  this  work  can  be  used  to  classify  and  register  image  areas  independent  of 
illumination  and  atmospheric  conditions.  The  algorithms  can  also  be  used  for  material 
identification  for  applications  such  as  determining  terrain  trafficability. 


2  Status  of  Effort 

Significant  progress  has  been  made  towards  achieving  the  research  objectives  in  the  ar¬ 
eas  of  physical  modeling,  algorithm  development,  and  experimental  evaluation.  We  have 
carefully  analyzed  the  physics  underlying  the  formation  of  airborne  hyperspectral  imagery 
over  the  0.4/im-2.5/im  spectral  range  which  corresponds  to  the  HYDICE  and  AVIRIS  sen¬ 
sors.  The  new  spectral  radiance  model  includes  reflected  solar  and  scattered  radiation  as 
well  as  the  effects  of  atmospheric  gases  and  aerosols.  We  have  shown  using  a  statistical 
analysis  of  the  radiance  model  that  the  variation  in  an  object’s  spectral  signature  lies 
in  a  low-dimensional  space.  This  result  is  the  basis  of  a  new  maximum  likelihood  ATR 
algorithm  that  is  invariant  to  illumination  and  atmospheric  conditions.  We  have  demon¬ 
strated  that  the  new  recognition  algorithm  significantly  outperforms  existing  algorithms 
over  a  range  of  HYDICE  and  AVIRIS  imagery  over  a  range  of  conditions.  We  have 
also  evaluated  the  use  of  linear  models  for  representing  mid-wave  and  long-wave  infrared 
spectral  reflectance  functions. 
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